Indocyanine green-containing nanostructure as near infrared dual-functional targeting probes for optical imaging and photothermal therapy.
Indocyanine green (ICG) is a near-infrared (NIR) imaging agent and is also an ideal light absorber for laser-mediated photothermal therapy. This NIR dye could serve as a basis of a dual-functional probe with integrated optical imaging and photothermal therapy capabilities. However, applications of ICG remain limited by its concentration-dependent aggregation, poor aqueous stability, nonspecific binding to proteins and lack of target specificity. To overcome these limitations, a novel ICG-containing nanostructure is designed utilizing the noncovalent self-assembly chemistry between phospholipid-polyethylene glycol (PL-PEG) and ICG. The interactions between both amphiphilic ICG and PL-PEG were studied using absorption and fluorescence spectroscopy. The properties of ICG-PL-PEG nanoprobe, such as absorption and fluorescence spectra, stability, morphology and size distribution, were also investigated. Two representative targeting molecules, namely, a small molecule, folic acid (FA), and a large protein, integrin α(v)β₃ monoclonal antibody (mAb), were conjugated to the surface of ICG-PL-PEG nanoprobe, displaying the diversity of ligand conjugation. The target specificity was confirmed using three cell lines with different levels of available folate receptors (FRs) or integrin α(v)β₃ expression via laser scanning confocal microscope and flow cytometry. This targeting ICG-PL-PEG nanoprobe could be internalized into targeted cells via ligand-receptor mediated endocytosis pathway. Our in vitro experiments showed that internalized ICG-PL-PEG could be used for cell imaging and selective photothermal cell destruction. These results represent the first demonstration of the dual functionality of ICG-containing nanostructure for targeted optical imaging and photothermal therapy of cancerous cells. This novel ICG-PL-PEG nanostructure, when conjugated with other therapeutic and imaging agents, could become a multifunctional probe for cancer diagnosis and treatment.